Abstract -We propose a method to calculate the outage probability of systems with multiple transmit antennas in frequency selective fading channels, where the multipaths may arrive at a fractional of symbol period. The design criteria of space-time codes in such channels are also briefly discussed.
I. INTRODUCTION
The outage probability and space-time code design have been studied in [l,2] for systems in frequency selective fading channels, where the multipath arrival times are multiples of symbol time. In this paper, we study the more general case that the multipaths may arrive at a fraction of a symbol time.
11. OUTAGE PROBABILITY Outage probability, Pout, is the lower bound of frame error rate of a system in quasi-static fading channels. Outage probability is defined as the probability that the random channel coefficients, C, will have a mutual information rate, Ijc, below a certain transmission rate R, i.e., Pout := Pr(Ilc _< R).
In this paper, it is assumed that the transmitter have no access to the Channel State Information (CSI) and the receiver knows the CSI perfectly.
Assuming a sample time T6 < T produces a simple model.
If Ta is smaller than the smallest time interval between distinguishable multipaths and fa = 1/Ta is larger than twice the bandwidth of the modulation pulse, then at time tT6, the sample of the output of an ideal low pass filter with bandwidth fa at j t h ( j = 1,. . . , L,,) receive antenna is where D;(k) is the symbol from ith (i = 1 , . . . , Lt) transmit antenna at time kLaT6, Ci,j(Z) is the lth multipath gain associated with transmit antenna i and receive antenna j , p ( t ) , which has support from 0 to L, -1 is the sample of the modulation pulse at time tT6, Wj(t) is white complex Gaussian noise with variance Nofa, Nc is the symbol frame size, LIST is the number of multipaths, and symbol period T = LaT6. Considering spacial independent Rayleigh fading, Ci,j (1) are modeled as independent complex Gaussian random variables.
Employing the approach of Hirt and Massey 131, the mutual information rate can be obtained as This method is convenient to evaluate outage probability of channels specified in some wireless communication standards.
I l l . SPACE-TIME CODE DESIGN CRITERIA
The space-time code design criteria are typically derived by minimizing pairwise error probability. For this purpose, the system needs to be properly modeled.
There are two approaches to model the system. The first one results in a symbol spaced tap delay line model by match filtering (matched to the convolution of the channel response and the modulation pulse) the received signal and sampling at the symbol period. The drawback in this method is that it is not easy to obtain the statistics of the tap gains.
The second approach is to use a tap delay line model with small delays as in Section 11. The advantage is that all the random variables involved are Gaussian. This approach has been taken to study the space-time code design criteria in a broader context in [4]. Slightly different derivation employing techniques in [5] gives a signal matrix C , = AADB, whose number of nonzero singular values is the diversity gain and product of square of singular values is the coding gain. AD contains multiple copies of code symbol difference matrix. AAH is the auto correlation matrix of the modulation pulse ancl BBH is the covariance matrix of fading coefficients.
If multipaths arrive at multiples of the symbol period and the modulation pulse is a Nyquist pulse, they are equivalent to virtual transmit antennas [l, 21 by appropriately choosing A and B. If the modulation pulse is Nyquist with bandwidth fa, the effect of multipaths arriving at a fraction of symbol period is equivalent to that of virtual receive antennas.
A method to calculate the outage probability for multiantenna systems in frequency selective fading channels is presented. The design criteria of space-time codes in such channels are Functions of modulation pulse auto-correlation. With different correlation, the frequency diversity is equivalent to virtual transmit and/or receive diversity.
